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Structure Completion
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A.  Szoke , Phys.  Rev.  B 47, 14044 (1993)



Direct Solution for Unknown Electron Density
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Methods for solving these Eqns. directly have been given by e.g.:

A. Szöke , P h y s .  R e v .  B  47,  14044 (1993)
D. K. Saldin e t  a l . ,  P h y s .  R e v .  Let t . 70,  1112 (1993)
A. Szöke , A c t a  C r y s t.  A53,  291 (1997)



Solution by Phasing Methods
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Problem is that φg i s  not  known f rom exper iment  (phase problem)



Unweighted Difference Fourier
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Fienup Algorithm 
for Structure Completion
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Fienup
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Exact
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TOXD: Recovery of residues 1-18
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surface x-ray diffraction
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Prior Probability of a Distribution and its Entropy
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Consider  a  team of  monkeys (unbiased indiv iduals)  throwing objects 

at  random into boxes 1,2,3,… of  capaci t ies m 1 ,  m2 m 3 ,  respect ive ly ..

The probability of particular distribution {u1 ,  u 2 , u 3 ,..} is 
proport ional  to number of   ways i t  can come about:
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Hence most probable distr ibut ion is that of  the maximum entropy



Boltzmann and Gibbs Forms of the Entropy
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Maximization of the Constrained Entropy
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Exponential Modeling Algorithm: Collins Nature 298 , 49 (1982)
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Proteins: Shnee rson , Wild, Saldin A c t a  C r y s t. A57 163 (2001)
Surfaces: Saldin, Harder, Vog l e r,  Moritz,  Robinson 

C o m p u t .  P h y s . C o m m u n . 137 12 (2001)
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O/Cu(104) Exponential Modeling
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Conclusions
1. The Fienup algorithm may be adapted very effectively to 

the structure completion problem in protein and surface 
crystallography.

2. Collins’ exponential modeling algorithm may be re-cast as 
a Fienup-type input-output feedback loop between real and 
reciprocal space.

3. Surface crystallography is by its nature a structure 
completion problem.

4. Either algorithm seems very effective in recovering the 
surface electron density from surface x-ray diffraction 
(SXRD) measurements given a knowledge of the bulk 
structure.


